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摘  要 
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μg·L-1、40 μg·L-1、80 μg·L-1、160 μg·L-1、320 μg·L-1的石油水溶性成分(water soluble 
fraction, WSF)和0.8 μg·L-1、4 μg·L-1、8 μg·L-1、40 μg·L-1、80 μg·L-1的Cd、Pb单








其中以CYP1A最为敏感，分别在80 μg·L-1 WSF和8 μg·L-1 Cd时达到最大值；各生
物标志物对Pb没有明显的响应作用。 
(2) 混合污染实验结果表明褐菖鲉肝 CYP1A、HSP70 和 MT mRNA 对 Pb 和
WSF 复合污染响应敏感。Pb 在 WSF 诱导褐菖鲉肝各基因 mRNA 表达过程中表
现出明显的增强作用，联合作用促进各基因的诱导；而褐菖鲉肝五种生物标志物
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Biomarker detection technology has been widely used in the qualitative detection 
of bacteria, parasites and virus because of its high sensitivity, specificity, convenience, 
efficiency. The study on biomarkers is mostly laboratory research rather than field 
research as far as now. Some biomarkers have a good correlation with pollutants in 
laboratory research, but the application of field monitoring is not ideal. Therefore it 
has a huge significance in extending the laboratory research results to the field 
monitoring. 
In the complex marine environment, a single biomarker can only react with the 
biological effects of pollutants at one certain level, so it is important to establish a set 
of multi-biomarkers detection technology. Integrated biomarker response (IBR) is a 
kind of comprehensive evaluation method based on the response of a variety of 
biomarkers, visualization available, can efficiently distinguish pollution levels 
between different stations. Therefore it is rapidly being applied in the laboratory 
experiments and field monitoring studies in foreign countries. 
In this study, Sebastiscus marmoratus was chosen as the research animal. After 
alone exposure to 20 μg·L-1、40 μg·L-1、80 μg·L-1、160 μg·L-1、320 μg·L-1 water 
soluble fraction (WSF) of oil, 0.8 μg·L-1、4 μg·L-1、8μg·L-1、40 μg·L-1、80 μg·L-1 Cd 
and Pb, and co-exposure of 40 μg·L-1、80 μg·L-1 WSF and 4 μg·L-1、8 μg·L-1、40 
μg·L-1 Cd、Pb, the expressions of hepatic CYP1A、HSP60、HSP70、HSP90 and MT 
were detected by quantitative real-time PCR to analysis the response of genes to these 
contaminants. And under the precondition of laboratory research, Quanzhou bay and 
Anhai bay were chosen for demonstrative application study. The responses of CYP1A, 
HSP60, HSP70, HSP90 and MT to pollutants were detected. The feasibility of 
utilizing CYP1A, HSP60, HSP70, HSP90 and MT to monitor combined pollution 
were discussed and evaluated comprehensively with the IBR index. 
The main results are as follows: 
 (1) After exposed to WSF, Cd and Pb alone, the response tendency of hepatic 
multi-biomarkers in S. marmoratus were quite different. The expression levels of 
CYP1A、HSP70、MT were sensitive to Cd exposure. CYP1A was the most sensitive 
gene, reached the maximum at 80 μg·L-1 WSF and 8 μg·L-1 Cd; however there was no 















 (2) Expression levels of hepatic CYP1A 、 HSP70 and MT mRNA in 
S.marmoratus were very sensitive to co-exposure of WSF and Pb, indicated that Pb 
strongly enhanced  mRNA expression of the genes inducted by WSF. Combined 
effect of WSF and Pb promoted the induction of the genes. In contrast, hepatic 
CYP1A、HSP60、HSP70、HSP90、MT in S.marmoratus were not sensitive under the 
effect of WSF and Cd, suggesting a strong inhibiting effect of Cd in themRNA 
expression of the genes inducted by WSF. Combined effect of WSF and Cd inhibited 
the induction of the genes. 
 (3) A method named integrated biomarker response (IBRV2) was established to 
monitor marine pollution, and achieved a good result in Quanzhou bay and Anhai bay. 
Correlation analysis showed that CYP1A mRNA has the best correlation with WSF in 
Quanzhou bay and Anhai bay, and MT mRNA is the most sensitive biomarker to 
indicate heavy metal pollution. Integrated biomarker response showed that the 
environmental pollution pressure at No.2 site in Quanzhou bay is the highest, which 
was not in agreement with the results of chemical analysis. This might be related to 
the special terrain of the site. The environmental pollution pressure at No.4 site in 
Anhai bay is the highest, which is in consistent with the result of chemical 
measurement. It showed that the integrated biomarker responsecan be used to evaluate 
the pollution situation of the sea area. 
 
Key words: biomarker; Sebastiscus marmoratus; heavy metals; water soluble 
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(Sato et al., 2007)。但也有研究发现，Pb中毒后鱼类的活动下降。Pb也会影响鱼
类的摄食行为使鱼类的捕食能力下降，主要影响的方面是减少捕食的时间、增加
捕食失误的次数(Mobarak et al., 2011)。Pb还会影响鱼类对有害刺激的反应力，如
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